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Abstract 

Background: As recommended in the current prescribing information, rituximab infusions in patients with 
rheumatoid arthritis (RA) take 4.25 hours for the first infusion and 3.25 hours for subsequent infusions, which is a 
burden on patients and the health care system. We therefore evaluated the safety of infusing rituximab at a faster 
rate for an infusion period of 2 hours in patients with RA. 

Methods: Patients with an inadequate response to anti-TNF who were rituximab-naive or -experienced received 2 
courses of rituximab: Infusion 1 (Day 1) was administered over the standard 4.25 hours, and Infusions 2 (Day 15), 3 
(Day 168) and 4 (Day 182) were administered over a faster 2-hour period. The primary endpoint was incidence of 
infusion-related reactions (IRRs) associated with Infusion 2. 

Results: Of the 351 patients enrolled, 87% and 13% were rituximab-naive and -experienced, respectively. The 
incidence (95% CI) of IRRs associated with Infusion 1 was 16.2% (12.5%, 20.5%) and consistent with weighted 
historical incidence of 20.7% (19.4%, 22.1%). The incidence (95% CI) of IRRs associated with Infusions 2, 3, and 4 
compared with respective weighted historical incidences at the standard infusion rate was 6.5% (4.1%, 9.7%) vs 
8.1% (7.2%, 9.1%); 5.9% (3.5%, 9.3%) vs 1 1.5% (10.3%, 12.8%); and 0.7 (0.1%, 2.6%) vs 5.0% (4.2%, 6.0%), respectively. 
All IRRs were grade 1 or 2, except for 3 grade 3 IRRs associated with Infusion 1 and 2 grade 3 IRRs associated with 
Infusion 2. Four patients experienced a total of 5 grade 3 IRRs; 3 of these patients continued on to received 
subsequent infusions at the faster rate. There were no serious IRRs. 

Conclusion: This study demonstrated that rituximab can be administered at the faster infusion rate at the second 
and subsequent infusions without increasing the rate or severity of IRRs. 
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Background 

Rituximab, a chimeric monoclonal antibody that binds to 
the antigen CD20, is approved worldwide in combination 
with methotrexate (MTX) for the treatment of moderately 
to severely active rheumatoid arthritis (RA) in patients 
with an inadequate response to at least one tumor ne- 
crosis factor (TNF)-a inhibitors. In clinical studies, ri- 
tuximab has been shown to improve the signs and 
symptoms of disease [1] and reduce the rate of joint 
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damage progression [2], with sustained efficacy at 1 year 
upon retreatment [1,3,4]. 

The indicated dose of rituximab for the treatment of RA 
is two 1000-mg intravenous (IV) infusions separated by 
2 weeks every 24 weeks or based on clinical evaluation, 
but not sooner than every 16 weeks. As recommended in 
the current prescribing information, rituximab infusions 
take 4.25 hours for the first infusion and 3.25 hours for 
the second and subsequent infusions [5]. 

The infusion regimen as currently recommended was 
based on the rituximab dosing regimen used to treat pa- 
tients with non-Hodgkins lymphoma (NHL). The mech- 
anism by which rituximab elicits infusion-related reactions 
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(IRRs) is not well understood; however, there is evidence 
that symptoms may be associated with the release of 
inflammatory cytokines as a result of rituximab binding 
to CD20 on B cells and cell lysis [6,7]. Because patients 
with RA have a lower peripheral B cell burden at base- 
Une compared with patients with lymphoma, this may 
partially explain why the incidence of IRRs reported in 
RA is lower than that in NHL [5]. 

The safety profile of rituximab has been documented 
in numerous clinical trials. IRRs are the most commonly 
reported adverse reaction with the majority occurring at 
the first infusion of the first course. In previously pub- 
lished randomized controlled trials of rituximab in RA, 
IRRs have been defined as an adverse event (AE) occurring 
during or within 24 hours of an infusion [5,8]. As reported 
by van Vollenhoven and colleagues in a pooled analysis of 
all-exposure patient (N = 3194) data from the RA global 
clinical trial program, the rate of IRRs was 23.0% during 
the first infusion of the first course and decreased with 
each subsequent infusion. Most IRRs were mild to moder- 
ate (grade 1 and 2) and rarely serious (0.5%) [8]. 

The burden of the rituximab standard infusion proto- 
col on the health care system is not insignificant. Longer 
infusion times and frequent infusion rate changes result 
in longer observation times, increased nursing and admin- 
istration staff workloads, and pose a temporal inconveni- 
ence to patients. Based on the success of rapid infusion 
protocols in the oncology setting [9,10], several studies 
have evaluated the practicality of accelerated rituximab in- 
fusion rates in patients with RA and found them to be safe 
and tolerable; however, these results are restricted by small 
study sizes and limited clinical details [11-16]. 

The objective of this prospective, multicenter study 
was to evaluate the safety of infusing rituximab at a faster 
rate for an infusion period of 2 hours. 

Methods 

RATE-RA was a 30-week, prospective, multicenter, open- 
label, single-arm study conducted in 74 sites across the 



United States. Between July 26, 2011, and June 8, 2012, 
patients with moderately to severely active RA who had 
an inadequate response to at least 1 anti-TNF agent and 
were receiving concomitant MTX were enrolled. 

Patients were eligible if they were > 18 years of age, 
had RA for > 6 months, and were either rituximab-naive 
or -experienced (defined as having received no more than 
2 courses of rituximab 6 to 9 months prior to baseline, 
with each course consisting of 2 infusions of 1000 mg 
each). Use of MTX 10 to 25 mg/week (oral or parenteral) 
for at least 8 weeks prior to baseline was required, and 
concomitant corticosteroids (<10 mg prednisone or 
equivalent) were allowed. Key exclusion criteria included 
a history of rheumatic autoimmune disease other than RA 
or secondary Sjogren syndrome; history of severe allergic 
or anaphylactic reactions to monoclonal antibodies; previ- 
ous serious IRRs to any biologic therapy; grade 3/4 New 
York Heart Association congestive heart failure; history of 
significant arrhythmia; and evidence of serious uncon- 
trolled hypertension. 

This study was performed in accordance with the 
Declaration of Helsinki. The study was approved by the 
Copernicus Group Independent Review Board at all but 
four investigator sites, which received approval from their 
local governing institutional review board (Dartmouth- 
Hitchcock Medical Center - Committee for the Protection 
of Human Subjects; North Mississippi Health Services; 
Sutter Health and Western Institutional Review Board). All 
patients provided written informed consent (RATE-RA 
ClinicalTrials.gov identifier NCT01382940). 

Study design 

The study design is summarized in Figure 1. Patients 
received 2 courses of rituximab 24 weeks apart, with 
each course consisting of two 1000-mg IV infusions of 
rituximab separated by 2 weeks. The first infusion was 
administered over the standard 4.25 hours while subse- 
quent infusions were administered at faster rates for a 
2-hour period. Infusion 1 (Day 1) was initiated at a rate 
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Figure 1 Study design. 
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of 50 mg/hour (Table 1). In the absence of infusion tox- 
icity, the infusion rate was increased by 50 mg/hour incre- 
ments every 30 minutes, to a maximum of 400 mg/hour. 
The total estimated time to complete a 1000-mg dose was 
4 hours, 15 minutes (4.25 hours). For Infusions 2 (Day 15), 
3 (Day 168) and 4 (Day 182), rituximab (1000 mg in 
250 mL normal saline) was initiated at 250 mg/hour 
(Table 1). After 30 minutes, the rate was escalated to a rate 
of 600 mg/hour for the next 90 minutes. The total esti- 
mated time to complete a 1000-mg dose based on this 
rapid infusion schedule was just under 2 hours. 

Premedication with 100 mg intravenous methylprednis- 
olone, as well as 1 g acetaminophen and an antihistamine 
(diphenhydramine HCL 50 mg or equivalent dose of alter- 
nate) were administered orally 30 to 60 minutes prior to 
each rituximab infusion. Patients continued to receive 
MTX as prescribed by their treating physicians. Changes 
to MTX dose were allowed as long as the dose remained 
within 10 to 25 mg/week. 

The following information was collected at each infu- 
sion: the initial infusion rate, the number and proportion 
of patients with an infusion modification and the reasons 
for modification; the number and proportion of patients 
who completed the 1000-mg dose; and the total infusion 
times among those who completed the 1000-mg dose. 

Safety assessments 

All event incidences were calculated as per-patient inci- 
dences, defined as the proportion of patients experiencing 



Table 1 Infusion schedule 



Time (min) 


Infusion rate 


Dose in 30 minutes Cun 


nulative dose 




(mg/h) 


(mL/h) 


(mg) 


(mg) 


Infusion 1 


0-30 


50 


12.5 


25 


25 


31-60 


100 


25 


50 


75 


61-90 


150 


37.5 


75 


150 


91-120 


200 


50 


100 


250 


121-150 


250 


62.5 


125 


375 


151-180 


300 


75 


150 


525 


181-210 


350 


87.5 


175 


700 


211-240 


400 


100 


200 


900 


241-255 


400 


100 


200 


1000 


Infusion 2, 3 and 4 


0-30 


250 


62.5 


125 


125 


31-60 


600 


150 


300 


425 


61-90 


600 


150 


300 


725 


91 ^120 


600 


150 


275 


1000 



The total estimated time to complete a 1000-mg dose at Infusion 1 is 4 hours, 
15 minutes (4.25 hours) with 8 infusion rate changes. The total estimated time 
to complete a 1000-mg dose (1000 mg diluted in 250 mL of normal saline or 
D5W) at Infusion 2, 3 and 4 is approximately 2 hours with 1 infusion 
rate change. 



the event. Multiple occurrences of a specific event for a 
patient were counted once. The primary endpoint was 
incidence of IRRs associated with Infusion 2. IRRs were 
defined as AEs that occurred during or within 24 hours 
of infusion. IRRs were identified based on a prespecified 
list of 180 Medical Dictionary for Regulatory Activities 
preferred terms, which has been used to analyze IRRs in 
patients with RA across rituximab studies conducted by 
Roche/Genentech. Secondary endpoints included incidence 
of serious IRRs associated with Infusion 2, incidence of 
IRRs and serious IRRs associated with Infusion 3, incidence 
of National Cancer Institute Common Toxicity Criteria 
(NCI-CTC) grade 3 or 4 AEs associated with Infusion 2 
and 3, and incidence of stopping, slowing, or interrupting 
Infusion 2 and 3. 

Exploratory analyses evaluated the aforementioned end- 
points that were associated with Infusion 1 and 4. Sub- 
group analyses by patients' previous exposure to rituximab 
were performed for all endpoints. Ad hoc analyses sum- 
marized the recurrence and severity of IRRs at subsequent 
infusions by the maximum NCI-CTCAE grade of IRRs at 
Infusions 1, 2, and 3. 

Statistical methods 

This study aimed to have at least 300 patients receive 
the second rituximab infusion at a faster rate so that an 
increase of at least 3% to 4% of IRRs from the weighted 
reference incidence (8% to 9%, based on historical data 
for rituximab) would be statistically significant. A study 
size of 300 patients also provided 95% confidence to con- 
clude that if there were no serious events, the incidence of 
serious IRRs was < 1%. 

Integrated data from rituximab clinical development 
studies as of September 2012 were the basis for the 
historical incidences of IRRs associated with rituximab 
administration at the standard infusion rate. Incidences 
of IRRs were compared against the weighted historical 
incidences of IRRs, which were calculated using the histor- 
ical incidences and adjusted for the proportion of patients 
with 0, 1, or 2 courses of prior rituximab to account for 
patients with prior rituximab who were more likely to 
have a lower IRR incidence. 

Study data were summarized using descriptive statistics. 
The number and proportion of patients who experienced 
the respective endpoints were provided with a 2-sided 
95% exact CI of the proportion. For serious IRRs, a 1- 
sided 95% exact confidence upper limit of the proportion 
was provided. 

Analysis populations 

The safety evaluable population included all patients 
who received rituximab during the study and had an as- 
sessment during or after the infusion. AEs that occurred 
during the study were summarized based on the safety 
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evaluable population. The faster infusion evaluable popu- 
lation included all patients who received Infusions 2, 3, 
or 4 at the faster rate at the respective visits (Day 15, 
168, or 182, respectively). Patients were classified as 
having received a faster rate infusion for that visit if the 
infusion was completed within 2.5 hours or the infusion 
was not completed within 2.5 hours but started within 
33% of the protocol-specified rate of 250 mg/hour 
(>167.5 mg/hour). 

Results 

Patient disposition 

The patient disposition is outlined in Figure 2. The num- 
ber of withdrawals was consistent with that of previous 
trials of similar duration [1]. A total of 351 patients re- 
ceived > 1 infusion of rituximab (safety evaluable popu- 
lation). Of the 341 patients who received Infusion 2, 337 
patients were included in the faster infusion evaluable 
population. Four patients were excluded because infu- 
sion volume was not recorded. Of the 290 patients who 
received Infusion 3, 289 were included in the faster in- 
fusion evaluable population. One patient was excluded 
because the standard rate was used. All 278 patients 
who received Infusion 4 were included in the faster in- 
fusion evaluable population. 

Baseline demographics and clinical characteristics 

The baseline demographics and clinical characteristics of 
the 337 patients in the faster infusion evaluable popu- 
lation were similar to the overall 351 patients in the 
safety evaluable population (Table 2). The mean dur- 
ation of disease was approximately 12.5 years, and 50% 
had RA for more than 10 years. Approximately 87% 
(306/351) were rituximab-naive and 13% (45/351) were 
rituximab-experienced. Patients who were rituximab- 



naive and -experienced demonstrated similar baseline 
demographics (data not shown); however, rituximab- 
naive patients had a shorter mean disease duration by 

2.4 years (12.2 ± 9.5 years vs 14.6 ±11.1 years). Rituximab- 
naive patients demonstrated significantly higher mean 
CD 19 counts compared with rituximab-experienced 
patients (252.6 ± 206.4 vs 47.9 ± 80.3 cells/(iL); approxi- 
mately 10% (31/306) and 82% (37/45) of rituximab-naive 
and -experienced patients, respectively, had CD19 counts 
below the lower limit of normal (<80 cells/ (iL). 

Exposure to rituximab 

Table 3 summarizes the total exposure to rituximab dur- 
ing the study and rituximab infusion duration by visit. 
Thirteen of the 351 patients who received Infusion 1 did 
not complete the 1000-mg infusion. The reasons included 
no medication volume recorded (n = 4), treatment modifi- 
cations due to non-serious AEs (n = 7), medication error 
(n = 1), and an unknown reason (n = 1). The mean infu- 
sion time for Infusion 1 was 4.4 ± 0.3 hours, and approxi- 
mately 12% (41/338) of patients receiving rituximab 
1000 mg at Infusion 1 required more than 4.5 hours of 
infusion time. 

Four of the 337 patients who received Infusion 2 at 
the faster rate did not complete the full 1000-mg infu- 
sion due to non-serious AEs (n = 3) and an unknown 
reason (n = 1). One of the 289 patients who received In- 
fusion 3 at the faster rate and 1 of the 278 patients who 
received Infusion 4 at the faster rate did not complete 
the full 1000-mg infusion due to a nonserious AE. The 
mean infusion times for Infusion 2, 3, and 4 were 2.0 ± 0.1, 
2.1 ± 0.3, and 2.0 ±0.1 hours, respectively. A small propor- 
tion of patients who received the full 1000-mg dose at 
Infusion 2 and 3 at the faster rate required more than 

2.5 hours (1.5% [5/333] and 4.2% [12/288], respectively). 



Safety evaluable 
population 


n = 351 enrolled 
(74 US sites) 

V J 

n = 351 received Infusion 1 

-'p' 




n = 10 withdrew 

n = 7 AE (4 with IRR) 
n = 1 Lost to follow-up 
n = 2 Subject's decision 










Faster infusion 
evaluable population 


f ^ 
n = 341 received Infusion 2 
(n = 337 at the faster rate) 

L J 

, ^ 




n = 51 withdrew ^ 
n = 10 AE (2 with IRR) 
n = 3 Lost to follow-up 
n = 7 Physician's decision 
n = 15 Protocol violation 

, n = 16 Subject's decision ; 




n = 290 received Infusion 3 
(n = 289 at the faster rate) 




f ^ 
n = 278 received Infusion 4 
(n = 278 at the faster rate) 




n = 12 withdrew 
n = 2 AE (OIRR) 
n = 5 Protocol violation 
n = 5 Subject's decision ^ 




Figure 2 Patient disposition. IRR, infusion-related reaction. 
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Table 2 Baseline demographics and clinical characteristics 





Safety population 
(n = 351) 


Faster infusion evaluable population^ 
(n = 337) 


Demographics 


Female, n (%) 


279 (79.5) 


268 (79.5) 


Age, mean (SD), y 


55.5 (11.5) 


55.6 (11.4) 


Range 


23-88 


23-88 


Age group, n (%) 






18-40y 


38 (10.8) 


34 (10.1) 


41-64 y 


244 (69.5) 


236 (70.0) 


> 65 y 


69 (19.7) 


67 (19.9) 


Race, n (%) 






White 


295 (84.0) 


283 (84.0) 


African American 


35 (10.0) 


33 (9.8) 


Other 


21 (6.0) 


21 (6.2) 


Weight, mean (SD), l<g 


84.9 (21.2) 


84.9 (21.2) 


Range 


47-156 


47-156 


Height, mean (SD), cm 


165.0 (9.6) 


165.0 (9.6) 


Range 


130-198 


130-198 


RA clinical characteristics 


Duration of RA, mean (SD), y 


12.5 (9.7) 


12.4 (9.6) 


RA disease duration, n (%) 






<3y 


42 (12.0) 


42 (12.5) 


3-4 y 


39 (11.1) 


38 (11.3) 


5-1 Oy 


93 (26.5) 


87 (25.8) 


> lOy 


1 77 (50.4) 


1 70 (50.4) 


Prior rituximab treatment 


No. of prior rituximab courses, n (%) 






0 


306 (87.2) 


293 (86.9) 


1 


24 (6.8) 


24 (7.1) 


2 


21 (6.0) 


20 (5.9) 


Months since most recent rituximab course, n 


45 


44 


Mean (SD) 


6.8 (0.9) 


6.7 (0.9) 


Range 


5-9 


5-9 


Medication history 


No. of prior anti-TNF agents, n (%) 






0 


4(1.1) 


4(1.2) 


1 


187 (53.3) 


182 (54.0) 


2 


116 (33.0) 


108 (32.0) 


> 3 


44 (12.5) 


43 (12.8) 


Prior non-anti-TNF biologic DMARDs 






Abatacept 


1 7 (4.8) 


16 (4.7) 


Tocilizumab 


12(3.4) 


12(3.6) 


MTX dose, mg/wk 






Mean (SD) 


17.4 (4.7) 


1 7.3 (4.7) 


Median (range) 


1 7.5 (8-25) 


1 7.5 (8-25) 


Oral steroid use, n (%) 


150 (42.7) 


143 (42.4) 
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Table 2 Baseline demographics and clinical characteristics (Continued) 

Oral steroid dose, mg/d 

Mean (SD) 7.2 (3.4) 7.3 (3.4) 

Median (range) 5 (2-25) 5 (2-25) 

Anti-TNF, anti-tumor necrosis factor; DMARD, disease-modifying antirheumatic drug; IQR, interquartile range; MTX, methotrexate; RA, rheumatoid arthritis; SD, 
standard deviation. ^Of the 341 patients who received infusion 2, four were not included because medication volume was not recorded. 



No patients receiving Infusion 4 required more than 
2.5 hours of infusion time. 



Safety findings 

The incidence of IRRs during or within 24 hours of each 
rituximab infusion is summarized in Figure 3. The pro- 
portion of patients who experienced IRRs decreased 
consistently with each infusion, and was consistent with 
or lower than historical clinical trial data. The incidence 
of IRRs during or within Infusion 1 was 16.2% (95% CI, 
12.5% to 20.5%) and similar to the weighted historical 
incidence of 20.7% (95% CI, 19.4% to 22.1%). Of the 337 
patients who received Infusion 2 at the faster rate, 22 
patients (6.5% [95% CI, 4.1% to 9.7%]) experienced a 
total of 30 IRRs, with nausea (1.2%) and chills (0.9%) be- 
ing the most common events. This incidence was similar 
to the weighted historical incidence of 8.1% (95% CI, 
7.2% to 9.1%) at the standard infusion rate. The type and 
severity of events were also similar to the reference 
population. The incidence of IRRs for both Infusions 3 
and 4 compared with the weighted historical incidences 
were as follows: 5.9% (95% CI, 3.5% to 9.3%) vs 11.5% 
(95% CI, 10.3% to 12.8%) for Infusion 3 and 0.7 (95% CI, 
0.1% to 2.6%) vs 5.0% (95% CI, 4.2% to 6.0%) for Infusion 
4. Ad hoc analyses showed no apparent trend between 
the maximum grade of IRRs at the first, second, or third 
infusion and the recurrence and grade of IRRs at subse- 
quent infusions. 



No serious IRRs or serious AEs (SAEs) were reported 
during or within 24 hours of any infusion (Table 4). All 
IRRs were CTC grade 1 or 2, except for 3 grade 3 IRRs 
associated with Infusion 1 (Day 1) in 2 patients (eye irri- 
tation and urticaria in 1 patient, throat irritation in the 
other patient) and 2 grade 3 IRRs associated with Infu- 
sion 2 (Day 15) (hypertension and headache in separate 
patients). Of the 2 patients who experienced grade 3 
IRRs associated with Infusion 1, one withdrew prior to 
receiving Infusion 2; the other patient continued to re- 
ceive the subsequent 3 infusions at the faster rate with 
no IRRs except for a grade 2 IRR at Infusion 3. Both pa- 
tients with a grade 3 IRR at Infusion 2 received Infusions 
3 and 4 at a faster rate with no IRRs. There were no 
grade 4 or fatal events. With a total of 904 rituximab 
infusions administered in 340 patients at the faster rate 
during Infusions 2, 3, and 4, the incidence of serious 
IRRs or SAEs associated with rituximab infused at the 
faster rate was < 0.9% (per-patient incidence) or < 0.33% 
(per-infusion incidence). 

A total of 221 patients (63%) experienced at least one 
AE (inclusive of IRRs and other events) during the study. 
AEs reported in > 2% of patients included headache 
(5.7%), upper respiratory infection (5.4%), worsening RA 
(5.1%), pruritus (4.3%), sinusitis (4.0%), urinary tract in- 
fection (3.7%), throat irritation (3.4%), arthralgia (3.1%), 
nausea (3.1%), flushing (2.6%), cough (2.3%), dizziness 
(2.3%), ear pruritus (2.3%), and rash (2.3%). A total of 33 
SAEs were reported in 30 patients (8.5%) during the 



Table 3 Exposure to rituximab during the study for all patients 




Infusion 1 


Infusion 2 


Infusion 3 


Infusion 4 


Received infusion 


351' 


341' 


290^ 


278 


Infusion at the faster rate 


NA 


337 


289 


278 


Completed 1000 mg"^ 


338 


333 


288 


277 


Total infusion hours 










n 


338 


333 


288 


277 


Mean (SD) 


4.4 (0.3) 


2.0 (0.1) 


2.1 (0.3) 


2.0 (0.1) 


Range 


4.1-6.4 


1 .8-3.2 


1 .9-4.3 


1 .9-2.4 


> 2.5 h 


338 (100%) 


5 (1.5%) 


12 (4.2%) 


0 


> 4.5 h 


41 (12.1%) 


0 


0 


0 



NA, not applicable; SD, standard deviation. ^Infusion rate and dose could not be determined for 4 patients because the site failed to record the infusion volume. 
Of these 4 patients, 3 at Day 168 and 2 at Day 182 received rituximab at the faster rate. "^Rituximab was administered at the standard infusion rate in 1 patient. 
'^Rituximab dose was derived from the sum of the volume received at each segment. To account for truncation errors, the derived dose of 970 mg or larger was 
considered as completed 1000 mg. 
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15 



10 
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Infusion 1 
(Day1) 
(n = 351) 



Primary 
Endpoint 



6.5 



Infusion 2 
(Day 1 5) 
(n = 337) 



L 



Labeled rate 



J L 



□ Historical reference^ 
■ RATE-RA 



11.5 



5.9 



Infusion 3 
(Day 168) 
(n = 289) 



Faster infusion rate 



5.0 



Infusion 4 
(Day 182) 
(n = 278) 



Figure 3 IRRs during or witiiin 24 hiours of eachi rituximab infusion. IRR, infusion-related reaction, RTX, rituximab. Error bars are 95% CI of the 

percentage. ^Weighted average of incidences reported in historical integrated data of phase 2 and phase 3 studies and open-label extension to 
date, adjusted for the proportion of patients with 0, 1, or 2 courses of prior rituximab. 



study, with a per- 100 patient-year rate of 16.0 (95% CI, 
11.3 to 22.4). Of the 33 SAEs, 3 (pneumonia, sepsis, and 
septic shock) were considered by investigators to be re- 
lated to rituximab treatment. Ten patients (2.8%) had a 
total of 12 serious infectious events (defined as serious 
infections or events treated with IV antibiotics) reported 
during the study, with a per- 100 patient-year rate of 5.8 
(95% CI, 3.3 to 10.2). These rates are consistent with 
what has been previously reported for rituximab in RA 
[1,3]. There were no deaths in this study. 

Subgroup analysis by prior rituximab experience 

As expected, rituximab-naive patients had a higher in- 
cidence of IRRs compared with rituximab-experienced 



patients at Infusion 1 (17.3% [95% CI, 13.3% to 22.0%] 
vs 8.9% [95% CI, 2.5% to 21.2%], respectively). The in- 
cidence of IRRs was similar between rituximab-naive 
and -experienced patients during or within 24 hours of 
Infusion 2 (6.5% [95% CI, 3.9% to 9.9%] vs 6.8% [95% CI, 
1.4% to 18.7%]), Infusion 3 (6.4% [95% CI, 3.7% to 10.1%] 
vs 2.6% [95% CI, 0.1% to 13.8%]), and Infusion 4 (0.4% 
[95% CI, 0.0% to 2.3] vs 2.9% [95% CI, 0.1% to 14.9%]). 

Discussion 

In this prospective, open-label study, the reported inci- 
dence of IRRs for the first rituximab infusion of course 1 
was 16.2%. When rituximab was infused at a faster rate 
over a 2-hour period during the second infusion of 



Table 4 Events during or within 24 hours of each rituximab infusion 



Events 


Infusion 1 
(N = 351) 

n (%) 
(95% Cl)^ 


Infusion 2 
(N = 337) 

n (%) 
(95% C\f 


Infusion 3 
(N = 289) 

n (%) 
(95% Cl)^ 


Infusion 4 
(N = 278) 

n (%) 
(95% Cl)^ 


Serious IRRs 


0(0) 


0(0) 


0(0) 


0(0) 




(- to 0.8) 


(- to 0.9) 


(- to 1 .0) 


(- to 1.1) 


IRRs and other AEs 


62 (17.7) 


24 (7.1) 


22 (7.6) 


5(1.8) 




(13.8 to 22.1) 


(4.6 to 10.4) 


(4.8 to 1 1 .3) 


(0.6 to 4.1) 


Serious AEs 


0(0) 


0(0) 


0(0) 


0(0) 




(- to 0.8) 


(- to 0.9) 


(- to 1 .0) 


(- to 1.1) 


CTC grade 3/4 AEs 


2 (0.6) 


2 (0.6) 


0(0) 


0(0) 




(0.1 to 2.0) 


(0.1 to 2.0) 


(0.1 to 2.1) 


(0.0 to 1 .3) 


Infusion stopped/slowed/interrupted^ 


43 (12.3) 


13 (3.9) 


19 (6.6) 


3 (1.1) 




(9.0 to 16.1) 


(2.1 to 6.5) 


(4.0 to 10.1) 


(0.2 to 3.1) 



AE, adverse event; CTC, Common Terminology Criteria; IRRs, infusion-related reactions. ^One-sided CI for serious events. "^Due to AE, medication error, or other 
reason such as bathroom break. 
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Course 1 and the first and second infusions of Course 2, 
the incidence of IRRs was 6.5% (primary endpoint), 
5.9%, and 0.7%, respectively. These observed incidences 
were no greater than the weighted historical incidences 
of IRRs when rituximab was infused at the standard rate, 
demonstrating that rituximab can be administered at the 
faster rate at the second and subsequent infusions with- 
out increasing the risk of IRRs in patients with RA. In 
addition, the type and severity of IRRs were similar to 
the reference population. There were no serious IRRs or 
SAEs during or within 24 hours of any infusion during the 
2 courses of treatment. Subgroup analysis indicated that 
rates of IRR were similar regardless of prior rituximab- 
exposure. Overall, the safety results such as SAEs and 
serious infections were consistent with those reported 
in 2 rituximab pivotal trials in patients who were anti- 
TNF inadequate responders [1,3]. 

The safety and feasibility of shorter rituximab infusion 
times have been evaluated in several published studies 
[9-17]. In general, the safety of the faster infusion has 
been reported in previously published studies to be com- 
parable to that of the standard 4.25 hour infusion, and 
the results of the present study confirm these findings. 
Of note, in the oncology setting, a study called RATE 
utilized a similar study design as the present RATE-RA 
study [18]. These results supported a label change that 
provides for an option for a faster infusion schedule of 
rituximab from cycle 2 onward for patients with NHL 
who tolerated their first rituximab infusion administered 
at the standard rate. Given that patients with RA have a 
lower baseline B cell count compared with patients with 
lymphoma and generally tolerate the infusion better, pa- 
tients in RATE-RA were expected to and did tolerate 
the faster infusion rate, consistent with the results from 
the oncology setting. 

This was the first, large, prospective study to evaluate 
the safety of a faster rate of rituximab in patients with RA. 
External control incidences were calculated based on inte- 
grated data from the rituximab RA clinical development 
program that used pooled data of all patients exposed to 
rituximab (all-exposure population). The expected control 
incidence was calculated based on historical incidences 
weighted to account for patients with previous rituximab 
treatment. These reference rates provide a more robust 
comparison than IRR incidences found in the available 
literature, which are limited by small or dissimilar pa- 
tient populations. Because this study assessed the safety 
of rapidly infused rituximab against the standard rituxi- 
mab infusion rate, the lack of active comparators might 
be considered a limitation. 

Conclusions 

In conclusion, this study demonstrated that rituximab can 
be administered at the faster infusion rate at the second 



and subsequent infusions without increasing the risk or 
severity of IRRs in patients with RA. As shorter infusion 
times can improve not only patient satisfaction but also 
infusion center efficiency, the results of this study provide 
clinically relevant information for both health care pro- 
viders and patients. 
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